Background: Control of cardiovascular risk factor is important in secondary prevention of coronary artery disease (CAD) but it is unknown whether treatment targets are achieved in young patients. We aimed to examine the prevalence and control of risk factors in this subset of patients. Methods: We performed a cross-sectional, single-center study on patients with documented CAD before age 40. All patients treated between 2002 and 2014 were invited to participate at least 6 months after the last coronary intervention. We included 143 patients and recorded the family history of cardiovascular disease, physical activity level, smoking status, body mass index, waist circumference, blood pressure, cholesterol levels, metabolic status, and current medical therapy. Risk factor control and treatment targets were evaluated according to the shared guidelines from the European Society of Cardiology. 
Introduction
Young patients with coronary artery disease (CAD) are characterized by a high burden of traditional risk factors with family predisposition, obesity, smoking, and dyslipidemia reported as being more frequent among younger compared with older individuals. 1, 2 Constituting only a minority of patients with CAD, young individuals with CAD are nevertheless important to identify because CAD remains the most common cause of sudden cardiac death in younger ages. 3 While the short-term prognosis may be acceptable, life expectancy is far from that observed in identical age groups in the general population. 4 Given compelling evidence of the effects of risk factor control and the potential years of morbidity and mortality to be saved among young patients with CAD, risk factor control in this subgroup of patients is of paramount importance.
The current shared guidelines from The Fifth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention recommend a submit your manuscript | www.dovepress.com
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Christiansen et al target-based approach regarding control of blood pressure, lipids, and diabetes in patients with established CAD as well as recommendations on smoking, weight, diet, and level of physical activity. 5 However, a large proportion of patients with CAD do not reach targets for risk factor control. 6, 7 We hypothesized that control of risk factors is insufficient in young patients with CAD and therefore we aimed to evaluate the prevalence and control of risk factors in these patients.
Methods
Study population and design
The current study was a cross-sectional study of young patients with CAD recruited from the Western Denmark Heart Registry. All medical records were reviewed on patients registered with percutaneous coronary intervention (PCI) or coronary artery bypass graft operations performed before the age of 40 years at Aarhus University Hospital between January 1, 2002 and December 31, 2013. Patients were eligible if they were alive and did not meet any of the exclusion criteria: 1) intervention on the basis of nonatherosclerotic disease (eg, coronary arteritis, embolism, intimal dissections); 2) heart transplant prior to first coronary intervention; 3) drug abuse within 1 week of the first intervention; and 4) current residency unknown or outside of Denmark.
All the eligible patients were invited by letter at least 6 months after the last coronary intervention. If no response was obtained, a second written attempt to contact the patient was made. Compliance with the study criteria was confirmed at a preliminary telephone interview and written informed consent was obtained from all participants upon attendance. The study was approved by the National Committee on Health Research Ethics.
Patient interview
We interviewed all the study patients in our outpatient clinic between February 1, 2014 and April 30, 2015. We collected information about medical history, lifestyle habits, symptoms, and current medical therapy at the time of CAD onset (defined as the time of the first coronary revascularization procedure) as well as at the time of study interview. All medical records were reviewed for confirmation. In case of disagreement between information obtained from the interview and the medical records, the disagreement was presented to the patient and his or her statement was accepted as valid.
Hypertension before CAD onset was considered present if a physician had previously diagnosed it. Dyslipidemia before CAD onset was considered present if a physician had previously diagnosed it or total cholesterol concentration or low-density lipoprotein cholesterol (LDL-C) exceeding 5.0 mM or 3.0 mM, respectively, had been measured. Familial hypercholesterolemia (FH) was present if an assumed pathogenic mutation in the LDLR, APOB, or PCSK9 gene was found. Diabetes was classified as type 1 or 2, or of other types according to previous physician-made diagnoses. Type 2 diabetes diagnosed at study interview was categorized as undiagnosed, and guideline-based risk factor control targets were then evaluated as if the patient did not have diabetes.
Patients were categorized as current smokers when they had been smoking within the last month, former smokers when prior cumulated smoking exceeded 1 pack-year, and otherwise as nonsmokers.
Patients were interviewed about physical activity. The patient was presented with examples of moderate-and vigorous-intensity activity in daily work and leisure, which had been used in the Danish Health and Morbidity Survey (SUSY 2005) , to estimate the number of days per week with exercise more than 30 min/day. 8 An active as opposed to a sedentary lifestyle was defined as exercising at least 30 minutes ≥3 times a week. 5 A family history was obtained and premature CAD in relatives was defined as a diagnosis of CAD before the age of 55 years in males and 65 years in females, respectively.
Patients were interviewed about their health system contact patterns. Regular consultations about CAD risk factors were defined as visits at least once per year to the general practitioner and/or a specialist in internal medicine.
Information about invasive treatment(s), echocardiographic assessment(s), and degree of CAD was collected from medical records.
Physical examination
Automated office blood pressure measurement (AOBP) was performed using the BpTRU device (BpTRU Medical Devices Inc., Coquitlam, BC, Canada). 9 Blood pressure was categorized as low normal (<120/80 mmHg), high normal (120-140/80-90 mmHg), stage 1 hypertension (140-160/90-100 mmHg), stage 2 hypertension (160-180/100-110 mmHg), and stage 3 hypertension (≥180/110 mmHg).
Height, weight, and waist circumference were measured and the body mass index (BMI) was calculated. 
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Cardiovascular risk factor control in young patients with CAD A blood sample was collected for determining the concentrations of creatinine, hemoglobin A1c (HbA1c), total cholesterol, high-density lipoprotein cholesterol (HDL-C) and triglycerides. In cases of triglycerides <4 mM, LDL-C was calculated using the Friedewald formula (otherwise recorded as missing). If available, cholesterol levels prior to lipid-lowering treatment were recorded.
The presence of metabolic syndrome was defined according to the International Diabetes Federation consensus worldwide definition of the metabolic syndrome 10 ; however, fasting glucose was omitted as a criterion because it was not measured. Hence, the definition of the metabolic syndrome was a waist circumference ≥94 cm for males and ≥80 cm for females plus any two of the following: 1) triglycerides ≥1.7 mM; 2) HDL-C <1.0 mM in males and <1.3 mM in females; 3) systolic AOBP ≥130 mmHg or diastolic AOBP ≥85 mmHg, or the known antihypertensive treatment; and 4) the presence of type 2 diabetes.
Treatment targets
We used the recommendations by the European guidelines on cardiovascular disease prevention 5 to define risk factor control. Accordingly, optimal risk factor control was defined as follows: 1) a BMI <25 kg/m 2 ; 2) waist circumference <102 cm in males and <88 cm in females; 3) moderate-or vigorous-intensity exercise for at least 30 minutes ≥3 times a week; 4) no current smoking; 5) systolic blood pressure <140 mmHg and diastolic blood pressure <90 mmHg (in diabetics, blood pressure was considered elevated if ≥140/80 mmHg); 6) a LDL-C <1.8 mM or, if available, a reduction of at least 50% from the untreated value; and 7) a HbA1c value <53 mmol/mol. The primary outcome measure was the number of uncontrolled risk factors.
Statistical analyses
Statistical analyses were performed using STATA/IC 13.1 (StataCorp, College Station, TX, USA). Discrete variables are presented as numbers (percentages) and continuous variables as mean (standard deviation) if normally distributed, otherwise as median (interquartile range [IQR] ). Comparisons of discrete variables were performed using Fisher's exact test or chisquare statistics, while Wilcoxon's rank-sum test or Student's t-test were applied on continuous variables, as appropriate.
Results
The selection of patients is shown in Figure 1 . A total of 358 patients were registered with coronary intervention before the age of 40 years. After reviewing the medical records, 75 were adjudicated as noneligible (outlined in Figure 1 ), leaving 283 patients, of which 143 (50.5%) agreed to participate in the study. To address if a potential selection bias had occurred, data from the first registered coronary intervention entered into the Western Denmark Heart Registry between January 1, 2002 and December 31, 2013 were compared between participating patients and eligible nonparticipating patients. We identified no differences (Table S1 ) by comparing age, sex, revascularization strategy (PCI vs coronary artery bypass graft), indication for PCI, the number of diseased vessels at PCI, current smoking, antihypertensive treatment, lipid-lowering treatment, diabetes status, BMI, and levels of creatinine. A family history of CAD, however, was slightly more common among patients compared with those who declined participation ( 
Risk factors at interview
The median (IQR) age at interview was 44 (41;47) years, a median of 5.6 years after the last coronary intervention ( Notes: Values are expressed as median (interquartile range), n (%) or mean ± standard deviation.
a LDL-C was calculated in 133 patients. Abbreviations: BMI, body mass index; BP, blood pressure; FH, familial hypercholesterolemia; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral artery disease; TC-C, total cholesterol concentration; VD, vessel disease.
with premature CAD. Sixty-nine patients (48.3%) reported regular visits to their general practitioner for a CAD risk factor consultation, whereas 29 patients (20.3%) visited a hospital or a specialist in internal medicine, and ten patients (7.0%) reported to both. 
Control of risk factors at interview
Health measures were generally poorly controlled ( Table 3) . The most prevalent risk factor was overweight 113 (79.0%) and 76 (53.2%) exhibited abdominal obesity. A BMI above 25 kg/m 2 was more common among males. By considering the sex-specific measures of abdominal obesity, we found no differences between males and females. More than one-half of the patients did not meet the guideline recommendation of exercising at least 30 minutes three times a week, but 41 (54.0%) of these patients reported that they had made attempts to increase exercise to the recommended level. More than one-third (53 [37.1%]) of the patients were current smokers and the difference between sexes was significant (20 [60.6%] females vs 33 [30.0%] males, P<0.01).
Blood pressure measurements exceeded guideline recommended target level in 37 (25.9%) patients (Figure 2A) , of whom the majority had only grade 1 hypertension. Among the patients not meeting the recommended guideline target, seven (18.9%) received no antihypertensive treatment, while 18 (48.7%) received two or more drug classes.
Plasma LDL-C concentrations were available in 133 patients (levels prior to lipid-lowering treatment were available in 75 patients), of whom 77 (57.9%) did not reach LDL-C target levels. Thirty-five patients (26.3%) had a plasma LDL-C concentration between 1.8 and 2.4 mM, 25 patients (18.8%) between 2.5 and 2.9 mM, and 26 patients (19.6%) had a LDL-C ≥3.0 mM. Among individuals not reaching the recommended guideline target, 17 (22.1%) were not receiving any lipid-lowering therapy while 52 (67.5%) were on statin therapy only ( Figure 2B ), and only five (6.5%) were treated with both a high-dose statin and other lipid-lowering therapy.
Diabetes was present in 29 (20.3%) individuals, with ten (7.0%) being diagnosed with type 1 diabetes, 13 (9.1%) with type 2 diabetes, and six (4.2%) having undiagnosed type 2 diabetes at study interview. Despite omitting patients with undiagnosed diabetes, 15 In total, the median (IQR) number of uncontrolled health measures was 2 (2;4) (Figure 3) . Seven (4.9%) patients fulfilled all health measures. We found no difference in the number of uncontrolled risk factors between patients who attended regular CAD risk factor consultations and those who did not (P=0.88).
Discussion
The primary findings of this study are as follows: 1) guideline-based risk factor control remains insufficient in young patients with CAD in spite of the fact that the majority attend regular health care control visits and are treated with antihypertensive and lipid-lowering medication. 2) We confirmed previous findings of a family history, obesity, and current/ former smoking as being common but added the metabolic syndrome as a common feature in young patients with CAD.
An association between adherence to risk factor control and a substantially lower incidence of cardiovascular disease has been demonstrated in several prospective cohort studies. [11] [12] [13] Moreover, a number of studies have evaluated risk factor control in different study groups with or without a diagnosis of cardiovascular disease 6, 7, 12, 14, 15 but not specifically addressing young patients with CAD. Results from the recent Euroaspire IV investigation 7 showed some similarities to our results when comparing the strata of young patients with CAD. Despite variation in interview rates and risk factor distribution across countries, the average proportions obtained in the Euroaspire IV investigation 7 about overweight/obesity (79.5%/39.5%), current smoking (33.6%), and blood pressure control (26.3%) were similar to our results, but LDL-C levels were more poorly controlled (83.3% in Euroaspire IV had a LDL-C ≥1.8 mM). Furthermore, blood pressure target but not LDL-C or HbA1c targets were more commonly achieved in young patients compared with older patients. Another study directly compared risk factor control achievement in younger vs older patients participating in a cardiac rehabilitation program. In contrast, this study demonstrated that both LDL-C and systolic blood pressure targets were more commonly achieved in younger submit your manuscript | www.dovepress.com
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Christiansen et al patients at discharge. 2 However, absolute differences between groups were modest and the high target achievement rates in such programs may not hold in the long run.
Several factors may explain the limited success in achieving risk factor control. The most common uncontrolled risk factors were adverse lifestyle habits, with the majority being overweight, exhibiting a sedentary lifestyle, and continued smoking. Even though the majority of patients attended regular health care visits and received antithrombotic, antihypertensive, and lipid-lowering therapy, a significant proportion did not reach individual blood pressure or lipid targets. One explanation may be that physicians did not react on deviations from target levels since 33 (89.2%) patients not reaching blood pressure target had levels below 160/100 mmHg and 30 (39.0%) of patients not reaching lipid targets had a LDL-C below 2.5 mM measured at study interview. However, the benefits of reducing risk, even with an aggressive treatment strategy, are well documented, 16, 17 and in young patients with high lifetime risks of recurrent cardiovascular events, such a strategy should be pursued.
Almost three out of five patients did not reach the LDL-C target, more than one-half of the patients not reaching the target received no high-dose statin and 18 (23.4%) patients not on target did not receive any statin therapy. Although statin therapy is generally considered effective, safe, and well tolerated, 16, 18 difficulties in achieving adherence to statin therapy have increased over the past decade, partly due to side effects and increasing media coverage. 19 This may be a likely explanation for the high number receiving insufficient therapy. Moreover, high levels of physical activity and higher levels of alcohol intake, both of which are known to be risk factors for associated muscle symptoms, may be more common among younger individuals. 20 However, it has been demonstrated that >90% of the patients discontinuing statins due to side effects may tolerate the same or another statin. 21 Additionally, only a minor proportion of patients received other lipid-lowering therapy. Hence, it seems reasonable to assume that lipidlowering therapy and intensity could be increased.
Notably, only eight (5.6%) patients had genetically verified FH, all of which had LDLR mutations. The LDLR, PCSK9 and APOB genes of ten other study patients with high levels of LDL-C were sequenced but none of them had genetic variants consistent with a diagnosis of monogenetic FH. The number of patients with FH was expected to be higher, given our age-criterion for inclusion and the fact that the prevalence of monogenetic FH is thought to be present in ~5% of patients with CAD before the age of 60 years. 22 Both overweight and a sedentary lifestyle are associated with the metabolic syndrome and diabetes, which are adversely related to cardiovascular disease risk and mortality. 23 Though the reason for this association is complex, metabolic syndrome and diabetes cause coronary endothelial dysfunction; an early state preceding the manifestation of cardiovascular disease. 24 In our study, the majority of patients were overweight and almost one-half of the patients fulfilled the used diagnostic criteria for metabolic syndrome. Estimates of the prevalence of the metabolic syndrome vary between studies, likely due to different definitions. A Norwegian study investigated the metabolic syndrome as defined by the International Diabetes Federation in a general population and found a prevalence of 28% and 22% among 40-49-year-old males and females, respectively. 25 The almost doubled prevalence of metabolic syndrome in our population may indicate that the composition of obesity and associated risk factors, including hypertension, dyslipidemia, and insulin resistance, may play a role in the development of CAD in young patients.
Limitations
The current single-center study is descriptive by nature and has no control group to allow for comparison with other patient groups, but consists of systematic and detailed data collected in all young patients with CAD treated at our tertiary center over more than a decade. A participation fraction of 50.5% is comparable to the results of the Euroaspire IV, 7 but evidently this does not exclude selection bias. However, only the prevalence of family history of CAD was higher among study patients compared with eligible nonparticipating patients. The patients were offered a review of their medication and also to participate in genetic studies of CAD, which might have attracted patients with higher interest in disease prevention and self-care compared with patients declining participation. This would likely lead to an underestimation of uncontrolled risk factors. The clinical characteristics and risk factors at onset were retrospectively collected from medical files and therefore may not reflect those of the true eligible population. We used interviews to measure smoking habits and physical inactivity. The statements given by the patient were not questioned (eg, by breath carbon monoxide or pedometer measurements), which is a potential source of imprecision or bias on the estimates. The limited number of patients prompts a certain degree of imprecision on the estimates and also precludes any deeper analysis of the various strata of the data. The definition of metabolic syndrome was slightly modified, as fasting glucose was omitted as a criterion. Hence, the prevalence of the metabolic syndrome 
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